Necrotizing enterocolitis (NEC) is one of the most urgent gastrointestinal diseases in premature newborns. We utilized a newborn model of hypoxia and hypothermia that resembles human NEC to investigate the effects of irrigation with peritoneal dialysis solution (PDS) on the treatment of NEC. For the NEC model, 1-day-old rats were stressed with 100% CO 2 for 5 min by placing them in an airtight perfused box; then, they were exposed to cold stress in 4°C for 10 min twice daily for the next 4 days. The newborn rats (n = 24) were divided into four equal groups: group 1 (control), group 2 (NEC), group 3 (NEC + irrigated with saline), and group 4 (NEC + irrigated with PDS). The animals in group 3 were irrigated with intraperitoneal saline, and the animals in group 4 were irrigated with PDS twice daily for the next 2 days. Then, all animals were sacrificed on day 7, and intestinal specimens were harvested. Histopathologic damage of the intestine was evaluated, and there was a highly significant difference between the control group and groups 2 and 3. In group 4, values were significantly less than in the other groups (2 and 3), except the control group. Also, significant differences were found when group 4 was compared with groups 2 and 3 (P < 0.0001). We believe peritoneal irrigation with PDS may be efficacious in NEC patients to obtain better results.
Introduction
Necrotizing enterocolitis (NEC) is the most frequent cause of inflammatory gastrointestinal disease predominantly in premature neonates and low birth weight infants. The etiology and pathophysiology of NEC are still unclear, but many factors, including prematurity, intestinal ischemia, hypoxia, pathogenic bacterial colonization of the gastrointestinal tract, and enteral feeding, contribute to the development of NEC [1, 2] . NEC has a mortality rate between 15 and 40% [3] [4] [5] [6] [7] . The mortality rate of patients with NEC with peritonitis is higher than that of NEC patients. Children who survive after NEC suffer from many serious morbidities, such as intestinal adhesions, ileus, bowel resections, and short bowel syndrome [8] .
There is a controversy about the guidelines for definitive therapy of NEC [9] . Although various active experimental and clinic studies have been reported in the literature in the last decades, they mostly involved the etiology of NEC or prevention of the disease. Because of the ischemia, especially in the splenic zone, intestinal mucosal necrosis occurs. Also, This article is part of the Topical Collection on Surgery bacterial invasion and inflammation are added. NEC has become a more progressive disease. At this point, we prefer peritoneal dialysis solution (PDS), which is well known and widely used for dialysis of end-stage renal failure patients. PDS arranges the concentration gradients of the peritoneum, cleans the peritoneum of the infective pathogens, and facilitates correction of acid-base abnormalities; no side effects have been described. Furthermore, Walker et al. showed that PDS improves the intestinal blood flow [10] and is a power source for the intestine by including glucose.
Therefore, in this study, we aimed to show the efficacy of PDS on the newborn model of hypoxia and hypothermia that resembles human NEC.
Materials and Methods
Twenty-four 1-day-old Sprague-Dawley rats (weight range 60-80 g) were maintained under standard conditions. All experimental studies were conducted at the Karadeniz Techniquel University Surgical Application and Research Center according to the guidelines for the ethical treatment of experimental animals. Local institutional approval for researchers was obtained before initiation of the study. The experimental protocol was approved by the Animal Care and Use Committee of Karadeniz Techniquel University.
Animals and Experimental Design
The newborn rats were divided randomly into four equal groups, with six animals in each group (Table 1) . Animals were randomized to the following experimental groups: (1) control, (2) NEC, (3) NEC + irrigated with saline, (4) NEC + irrigated with PDS.
An animal model for NEC was used for hypoxia and hypothermia as described previously [11, 12] . To induce the development of pathologic signs of NEC, newborn rats were stressed twice daily with hypoxia (accomplished by placing them in an airtight box perfused with 100% CO 2 for 5 min) followed by cold (4°C for 10 min) stress for the next 4 days. After this procedure, the animals were kept under standard conditions near their dams. Control newborn animals were housed in standard caging with their dams.
The group 3 animals were irrigated with intraperitoneal saline (0.9% sodium chloride, Poliflex®, Polifarma) after the NEC model twice daily for the next two days. The group 4 animals were irrigated with PDS (DIANEAL® 137; 13.6 g/ 1000 ml glucose anhydrous, 5.7 g/1000 ml sodium chloride, 3.9 g/1000 ml sodium lactate, 257 mg/1000 ml calcium chloride dihydrate, 152 mg/1000 ml magnesium chloride hexahydrate, HCL/NaOH for pH regulation and water, Eczacıbası, Baxter Healthcare Corporation) after the NEC model twice daily for the next two days. For irrigation, we gave approximately one or two dizzy saline or PDS to the peritoneum, waited for five min, and then aspirated the fluid with an intravenous cannula 0.6 × 19 mm from the peritoneum.
All animals were given to their mothers until the seventh day of the study and were fed with breast milk. All animals underwent surgery on day seven. The newborn rats were anesthetized intraperitoneally with xylazine hydrochloride (6 mg/kg) and ketamine hydrochloride (60 mg/kg), and a median laparotomy was performed. The gastrointestinal tract was carefully removed, and the small intestine was fixed in 10% neutral formaldehyde.
Histopathologic Assays
Histopathologic evaluations were made using the modification of Caplan et al.'s scores [13] and are shown in Table 2 . The small intestine specimens were fixed in 10% neutral formaldehyde and embedded in paraffin wax. All slides, each 5 μm in thickness, were stained with hematoxylin-eosin for histopathologic evaluation of NEC, where 0, no necrosis; 1, mild with epithelial sloughing; 2, moderate with midvillous necrosis; 3, severe with complete villous necrosis; and 4, transmural necrosis. All samples were scored for changes of NEC with a millimetric ocular microscope by a pathologist blinded to the experimental protocol and groups.
Statistical Analysis
Histopathologic assays were evaluated and compared using a chi-square test. All values are expressed as medians; P values of less than 0.05 were considered significant. Table 1 Experimental groups Group 1 (n = 6) Control 2 (n = 6) NEC 3 (n = 6) NEC + irrigated with saline 4 (n = 6) NEC + irrigated with PDS 
Results
A total of 24 intestinal specimens for each group were evaluated for histopathologic damage. The histopathologic evaluation of the intestinal damage is shown in Table 3 . Histopathologically, the control newborn rats had no intestinal changes, and histopathological appearance of a normal intestine is shown in Fig. 1a . In group 2, there was grade 2 damage in four animals' intestines, and two had grade 1 damage (Fig. 1b) . All animals in group 3 had grade 1 damage in their intestines, which is shown in Fig. 2a . In contrast, in group 4, four newborn rats showed no intestinal changes (Fig. 2b) , and two of them had just grade 1 damage in their intestines.
Statistical analysis of histopathological findings revealed highly significant differences between the groups (P < 0.0001). In group 4, values were significantly less than those in the other groups (2 and 3), except the control group.
Discussion
The pathogenesis of NEC remains unclear, but microbial colonization and ischemia appear to be an important contributing factor to the development of this disease [14] [15] [16] [17] . Globally, NEC is a foremost cause of morbidity and mortality in neonatal intensive care units. Postnatal stress promotes failure of the endothelial barrier and decreases production of nitric oxide [18] , and inflammatory cell infiltration and mesenteric circulation dysfunction develop into NEC. All experimental groups were exposed to hypoxia/cold stress to develop one of the models of experimental NEC as described previously [11, 12] in our study. The pathogenic mechanisms involved in human NEC are intestinal ischemia, hypoxia, and bacterial colonization. Also, enteral alimentation is thought to play a major role in infants who develop NEC that have been enterally fed. These major causative factors demonstrate a common inflammatory process. Any segment of the gastrointestinal tract can be affected, and the most common histopathological changes seen in > 90% of specimens are inflammation and necrosis [19] [20] [21] [22] . New therapies are desperately needed to reduce the mortality rates of NEC. Downard et al. [23] researched direct peritoneal resuscitation to NEC animals to promote ileal blood flow, and they improved the intestinal blood flow with direct peritoneal resuscitation in NEC animals. Walker et al. [10] examined if a 1.5% dextrose solution would increase the ileal blood flow in NEC animals; they showed that buffered 1.5% dextrose solution might be more beneficial in treating clinical NEC. Also, Maki et al. stimulated an increase in blood flow with dialysate treatment in NEC models [24] . Thus, we analyzed the utility of peritoneal resuscitation with PDS in a model of NEC with histopathological changes in this study.
Peritoneal dialysis was first described by Popvich et al. [25] in 1976 for patients with chronic renal failure. During dialysis, a diffusion exchange takes place between the solution and the bloodstream across the natural body membranes. The basic goals of dialysis are to remove enough solutes and fluid and to control the acid-base balance using a solution containing a buffer and lactate. DIANEAL® 137 is a hypertonic peritoneal dialysis solution containing dextrose, a monosaccharide, as the primary osmotic agent and electrolytes to facilitate the correction of electrolyte abnormalities. DIANEAL® 137 is minimally irritable and mostly used for diabetes, low birth weight babies, and older adults; it contains electrolytes in physiologic concentrations to facilitate correction of acidbase abnormalities. Also, its component of glucose supplies energy to the patients. Because of all these beneficial effects (reducing bacterial density and lightening the metabolic problems), we consider to be more advantageous than other treatments used in NEC treatment which is so aggressive including severe intravenous fluid resuscitation, correction of hematocrit and thrombocyte, bowel rest with nasogastric decompression, and antibiotic therapy for a long time. As a result, in our study, we preferred PDS for irrigation because of its local mechanic and metabolic benefits in the newborn rats, and we obtained significant results.
In our study, our aim was to improve NEC through irrigation in newborn rats without using any anti-inflammatory agents. We used PDS and saline for irrigation. When the PDS group was compared with the control group, NEC was not found in the intestines of four newborn rats. The other two animals just had grade 1 damage in their intestines. We believe that PDS supplied the healing by increasing the intestinal blood flow of and stopping the process of ischemia, as in the previous research. Additionally, the glucose content also provided an energy source, which the intestinal tissue needed, so it restricted the cell loss. Correspondingly, we thought that PDS would supply the tissue with unity and macrophage migration, prevent necrosis, and stop the invasion of pathogens in the intestine. In the saline group, all animals' intestines had mild damage with epithelial sloughing (grade 1). For this reason, we believe that irrigation alone does not prevent NEC, but it stops the progression of the disease. Also, the irrigation must be done with PDS because of the related inducements. We need to mention specifically that the limitation of our model is our animals are newborns rather than premature and were fed with breast milk.
In conclusion, there are new therapeutic interventions on trial because of the high mortality rate of NEC. However, there is no consensus on the treatment of this disease. Therefore, we designed a model of NEC and showed the benefits of irrigation with PDS. In addition, further studies will allow for a better understanding of irrigation with PDS in the treatment of NEC with perforation.
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